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rvation must have speci
tnining Fnreilsﬂ, rang: n

fields. Technical sr;hh’ 1 is usually
requiréd for positiony as ' forestry
technicians. In additi
knowledge and skilly,” cqﬁservatmn—
ists must have a siricere interest in
the environment and the desire to
protectit. They should enjoy dealing

_‘with others and like public service,

since they often work with people in

_the community. Flexibility also is

important, since a conservationist
may work in a remote camping area
one week, speak to a community

group the ext ‘and fight a forest or

brush fire ghe ﬁext

Thls seftion describes four conser-
cupétions—forester, forest-
u:ian, range manager, and

to technical’

-managed. The condition of our eavi-

“water, wildlife, forage, and tgcrgaav

sOurce, They can be u;ed repestsdly
without being destroyed—if pmﬁeﬂy.

ronment has become a major hation-

‘al concern, and foresters play an im-

portant role in protecting that
envirorment by ensuring that our
forests are properly used.
manage, develop, and protect these
lands apd their resources—timbet,

tional areas.

Foresters plan and supervise the
cutting and planting of trees. They
also protect the trees from  fire,
harmful insects, and digease. Forest-
ers may be responsible for other du-
tles rsnging fmm wilﬂlii‘e pmlai:tian

dﬁv:lgpment and supetvxsmn gf
camps, parks and-grazing lands.

Foresters also do reséarch, provide”

forestry information to forest owners
and to the general public {called

_extension wark), and teach at colleg-

es and universities,

¥t
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About half of all conservationists are empluyed by

Federal, State, and local governments '

' 10 15 20 25
B Fooca I State and 10ca EEG) Other

!
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Forsstery spend Milﬁlﬂﬂ- Bme out-

Fofesters often specialize in one

area of work, such as timber manage- -

ment, outdoor recreation, or forest

. ecotomics. Some of these arcas are

recoghized as distinct professions.
ﬁ'l::n of Employment

About 25 000 pefmns worked as

foresters in 1976. Nearly 2 out of 5

wotked in private industry. mainly
for pulp and paper, lumber, logging,
and milling companies. About one-
fourth worked for the Federal Gov-
ernment, primagily in the Forest Ser-
vice of the Department of Agricul-
ture. The remainder worked for State
and local governments, colleges and

. universities, or consulting firms or
were self-employed, either as consul-

tants of forest owners.’

" Tralnidg,: Other Qualifications,
and Adv:nﬂljljni .

A Rachelor’s degree with a major
in foremry, is the minimum educa-
tional requirement for'those desiring

'professional careers in forestry.

However, due to keen job competi-
tion and the increasingly complex na-
ture of the forester's work, employ-

‘ers prefer graduates who hold
- advanced degrees. Certain jobs such

$ : 3



Eﬂum n Enmtry Iﬂdiﬂ; tois
bachelor’s or bigher degree was of- °
‘fered in 1975 by 50 colleges and uni-
. versities, of which 43 were sccredit-

. ed-by the Sociesy of American
F:ﬂmim. Cusriculuma strets the lib-
[
as wall az technical forestry subjects.
programs also include course
, St economics and butiness ad-

mmutnmx; o !uppiémgnt the stu-
dent’s scientific and technical knowl-
«edge. ‘Many colleges require
students to spend one summer in a
field camp a?enmd by th= college.
‘ANl schools’ encourage sumimer jobs

that give firsthand experience in for- -

. €St Of consefvation work.

In addition to meeting the intellec-
tual/demandy of foreatry, foresters
‘must ‘enjoy workidg outdoors, be
physically hardy, and be willing to
‘maove, often to remote places. Forest-
ers should also be able to work well
with people and be able to express
themleives clearly.

~Forestry graduates uswally work
under the supervigion of experienced

. foresters. After gaining experience,
- they may advance to more respon-
sible positions, In the Federal Gov-
ernment, an experienced forester
", may supervise an entire forest area,
.and may advance to regional forest
“SUpervisor or to a top administrative
position. In private industry, forest-
-ers start by learning the practical and
administrative aspects of the busi-
_néss. Many foresters work their way
up to top managerial positions within
their companies.

Employment Outiook

Employment requirements for for-
esters are expected to grow about as
fast as the average for all occupations
through the mid-1980’. In recent
years, however, the number of per-
sons earning degrees in t‘nrestry has
exceeded qccupghnngl require-

~ If the number of degrees granted
.each yehr rempins at
competition iI:e.!pEf;h:d to persist
throughout the period. Opportunities
will be better for those who can offer

ments, creating Eﬂmftltlnil for jobs.

a8 tsuhi;i; md mmh r:ﬂuins ::l--- an employer cither an advanced da-

§ and communications skills

pretent levels, |

=

gree or several yeams’ experience.

The country will need more forest-

ersin the future to ensure an increas-
ing output of forest products. Em-
ployment alwo may increase as we
become more aware of the need to
conserve ahd replefiish our forest re-
sources, and to improve the environ-
mental quality of our forest lands.
Private ownen of timberland may

rec;qgnﬁe the neéed for—and the
igher profitability
forestry and logging practices. The
forest products industry will require
additional foresters to apply new
techniques for using the entire forest
crop, 1o develop methods of growing
superior trées in a shorter period of
time, and 10-do research in the fields
of plant genetics and fertilization.

Eﬂibluyrﬂent of foresters will pi‘uha )

«ably continye to grow faster in, pri-
vate industry ‘than in the Federal
Governmeny where budget limita-
tions may restrain growth. State gov-
emmént agencies, will probably hire

* more foresters through Federal-State

toopetative programs for fire con-
trol, protection against insects and
disease, recreation, and technical as-
sistance to owners of forest lands.
The expected rapid increase in the
employment of fo g
will reduce the amount of time spent
by foresters in petforming . routine
tasks, but the forester will have to
devote more and more time to super-
visory work and 10 the general man-

agement of the forest.
4

Earnings wnd Working
\ Conditions
\ The average starting salary for for-
€iters in 1976 was $10,000 a year,
wHile experi¢nced foresters averaged
over §18,000, according to thé limit-
ed dara available,

ers a ':rsged %$10,300 a year in 1976
and fge .overall average salary was
$17,780, according to the limited

data available, ‘
Graduates entering the Federal
Government as foresters in 1977

with just a bachelor's degree started

“at 39,303 a year. However, because

.

well employ more foresters as they

of—improved |

stry technicians |

In\private industry, starting forest- -

d enl Gavemmgm

iarne expengnce r
started at 311,523 a ye.ir
generally’ lt.iﬂEd

Ph.-D.’s
at $i4 097 ot
$17,056 a year. The median annual

salary in 1977 for ﬁd&}ﬂly employed
foresters exceeded $20,000.

In local governnient, foresters gen-
erally began at about $10,700 a year
in 1976, while their median annual
salary was $15,400. State govern-
ments paid about $9,200 annually to
start in 1976, and State median sala-
ries were $15,400 per year. College |

_professors generally started at about

$11,000 annually in-1 976, while their
median salary was over $20,000 per -
year. Many faculty foresters supple-
ment their regular salariezs with in-
come from lecturing, consulting, and
writing. ' ‘

Masapy experienced foresters ad
vance 1o jobs which require them t
spend most of their time in an office.
However, the beginning forester
spends considerable time outdoors in .
all kinds of weathér, sometimes in-
remote areas. Foresters may also
work extra hours on emergency duty,
as in firefighting or search and rescue
migsions,

Sources of Additional
information

General information ‘about tl;ie for-
estry profession, lists of rendlﬁg ma-
terials, and lists of schools offering

‘edycation in forestry are avanhb!e

from: . . 85

¥
Society of American Foresters, 5400 Groyve-
nof Lane, Washington, D.C. 20014,

" Nations! Forest Products Associstion, 1619

Mugachusetts Ave., NW., Washington,
D.C. 20016, A
General career information is also
avaijlable from:
American Forest Institute, 1619 Massachu-
- segls Ave. NW., Washington, D.C. 20036.

American Forestry Association, 1319 | 8th. St

NW., Washington, D.C. 20034,
For denails on forestry careers in.
the Forest Sefvice, contacty’ [

U.5. Department of Agﬁeull'ur’g:, Forest Ser-
vice, Washington, D.C. 20250.

mmn. most foresters -




\FORESTRY TECHNICIANS *

0.T. 441.137 thrugh a41.887)
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‘Nature of the Wnrk

Forestry technicians, sometimes
called forestry aides in entry level
positions, assist foresters in the care
and management of forest lands and
their resqurces. (See itatement on
foresters earlier in this chapter.)

Forestry techniciana help estimate
present and potential timber produc-
tion in a certain area. If new roads

, are needed 10 make the tinfber acces-

sible for cutting and removal, techni-

cians may. supervise the surveying -
and road building crews. After'the

timber has been cut, they measure

the logs l;é ‘determing how mugh lum-
ber the trees il yield and th
in the-aale of the. timber.
Technicians work on many forest
improvement projectd. They inspect

trees for disease and m.h;r problems, .. _
" and record their fmdmgs On water- y

shed projects, they work to prevent
flood damage -and soil erosion and
:eek ways 10 mcfesss the quality of
water in thg forest,

Foreatry technicisn messuring the dlamater of & lrte.

5.

o Fﬂren'ry te;lgniﬁms

assist.

heﬁ m 7
prevent and control- ﬁfe: They give -
fire prevention ﬂﬁnrﬁmian to people

: using the forest and lead ﬁreﬁ;htmg

crews if a fire occurs. After fires are
extinguished, they take inventery ‘of

i)

burned areas and supervise the plant-

ing 6f new trees and shrubs to re;tgré
the forest, . -F .
Recreational use- uf t,ha fore;t has

113 hlkmg_ ind er
dctivities.. They alto ex ; i
regulations and p-nlmei

‘and enforce these rules. - ¢ @

 Places of Employment

«_ About li,m‘ipemm "‘ﬁarkgd;
. year round.as forestry technicians in

1976. Néarly the same number found '
temporary Emplﬁymemapﬁmaﬁly ‘;i

. with Federal and State Gav:

ments—during the summer or in
spring and fall fire seasons. o
Nearly half .the year-round mtal :
worked in private industry, mainly
for logging, lumber, and paper com- -

m - panies. Reforestation projects of’

mirding, oil, and railroad compa- -

- nies—as well as employment in tree

nursenes!-accpunted far the re-

_emplaymenti Th; Fedaral Guvcm-

ment employed about 3,700 full-time
forestry techniciang in 1976, primar-

ily in the Forest Service of the U S.

Department of Agriculture, while an-
other 2,200 worked for State govern-
ments. i

Training, Other Qualifications,
a and Advancemant

Most persons qualify for beginning
jobs as forestry technicians by com-
pleting a specialized course of study
in a 1- or 2-year postsecondary
school or through work experience
on firefighting crews, in tree nurser-
ies, or in recreation work., :

Because of keen job competition’
at the present time, opportunities for
employment are better for those with
postsecondaiy school training. ¥ -
1976, about 80 technical institutes,
junior or communijty colleges, and
universities offered forestry techni-
cian training, of which 53 are recog-

5



" Mow torsssy’ technician schodh
mgmdumm:n

lete. gener-
" ‘sl education .caurses such as mathe-.
maticy and | fmﬂﬂysﬂhﬁd

mﬁ in:ludmi bmlﬂgy and bot-
any, and specialized forest gechnol-

pg courses such as land’ surveying,

. . tree identification, aerial photograph

imerilret;tlm, and timber harvest-

RS 'i ing. Te' apin pm:tjx;ll experience,
" students may be required to work in -

a fnmtgr mp opergtgd by the
achool. &

Emhunnm for outdoor wm'k
- physical’ ltll'nll'l!; and the' shlhty (9

. .hmﬁmmmm without di-+

* rect supervision are esgential for suc-
cess iin _this field. Technicians shoald
be :ble to work with survey crews,
users bf the forest lands, forest owm
ers, lnd foresters. They must eXpress
Lhem:el\ves ghiﬂy when talking to
mher: and when mgkmg wrm;n re-

For:stry techmemns g:nera]ly be-
gm work as-trainees or in -relatively
routine positions'under the direct su-
pervision of an experienged techni-
ci rester. As technicians gain
expericgice, they are given more re-
sponsibility, and often move into su-
pervisoty positions. Some techni-
» Cians obtain bachelor's degrees in
- forestry and are prammcd to the for-
ester Ie.-\rel

Employment Quﬁﬁnk

Gmwth in empluyn‘l’ent of foreatry
technicians s :xpe:ted to be faster
than the average for-all occupations
through the mid-1980'. Private in-
dustry should continue ‘o provide a .
high proportion of these Jaba

Environmental concern, a rising
demand for forest preducts and in-

reased use of technology in the for-
estindustry are expected to stimulate
demand for more technicians each
- year: Trained technicians will be re-
quired to operate specijalized and ef-
ficient.laborsaving machines and to
help apply sophisticated scientific
methods to forest management.
Technicians will also increasingly
perform many of the more routine
jobs done by foresters. ;

Despite this expected growth, keen
competition for jobs is anticipated.

[

‘ P \ . ) ;
ﬁh‘l‘ ; thl Sﬁﬁny af Amsncmt Curmﬁﬂy, ;hg ﬂ.untbg: dprenom_

- seeking employment as forestry tech

niciads greatly gxe:ad‘: the jobs aval-. . es: grass and shrubs

%ble. Unléts the number of gradus

of forestry’ technician ‘schools de-* “life, water from ,vast
in the future,/this.
ke;n ﬁumpeuuan for jobs is: e:j:aggd'

l‘:liﬂﬁ :uﬁmlnml!y

to continue. Those hfﬁ:—,nng !pgc:al-
ized forestry_technician u'immg and
some pi;cncal expen:m:s may- have
better ﬁppartumt . .

-~

) nilngi and Working
7 aEﬂﬁﬂl‘ﬂﬂl‘ll ’
,ﬁg salariés of forestry techni-
1ignged from $7,500 to $10,000
1year in 1976, @ceordmg the lim-
ited’ data available: experiénced for-
. estry technicians averaged abnut
$12.,300. :

In the Federal Govzmmznt ‘forest-
ry technicians started at $8,316 or
$9,303 a year in 1977 depending on
education and experience. Experi-

\ -

enced forestry technicians in the .

Federal Government averaged be-
tween.$12,000 and SI3 ;000 annual-
ly.

Forestry technicians spend consid-
erable time outdoors in all kinds of
yweather, sometimes in remote areas.
In emergencies, such as fighting fires
and controlling floods, forestry tech-
nicians work many extra hours. Cli-
“matic conditions often limit year-
round field work, and firefighting

jobs are limited to the fire season.

b
Sourdes of Additionsi
Information

lnf"urmatinnrgbgut za career in tha .

techmclan is ﬂ\fﬂllable fmm

_us. Department of Agriculture, Forémt Ser-

yice, \Vi;hmgmn D.C. 20250,
For a list of schools recﬁgmzed by

the Society of American F‘nrgntenl,

-offering training in the field write :o:
Society of American Foresters, 5400 Groave-
nor Lane, Washington, D.C. 20014,

RANGE MANAGERS
. (D.O.T. 040.081)
" Nature of Work

Rangelands cover more than { bil-
lion acres of the United States, most-

ly-m the WHtem' t=s and Ahilm .

. They contain man¥f natural sesourc-
qran lljr::- .
8 .ing, habitats for liveftock ahd ‘wild- !
" whtersheds,

“facilities for water sports and other
kinds of recreation; and valuable
‘mineral and energy felt!llrEEl
‘Rangelands also’ serve as areas for
scientific study of the environmgnt.
Range nfanagers, soymetimes called’
ge scientists, .ecologists, or
mﬂge mmenrﬂtmnuts manage, im-
prove, and protect range resources to
maximize their use without incurring
ecological destruction. For: example,

range managers determine the num-

‘Ber and Kind 6f aniiili'to be grazed,

the grazing system to be used, and
the best sesison for grazing in ordérto - -
yield a high produétion of livestock.
At the same time, they must conserve
soil ‘and vegetation for other uses
such ax wildlife‘habitat, outdoor rec-
reation, and timber production.
Range managers restore and im-
prove rangelands through teeimqugl
such as controlled burning, reseed-
“ing, and biological, chemical, or me-
chanical control of undesirable
plants. For example, seleeted range-
lands with .natural sagebrush vegeta-
tion-may be plowed and reseeded
with a more pn‘.idnétive grass. Range

fnr m:d ;nﬂ‘y oul range eamerv;uaﬁ

" and develépmem such as providing

for animal watering facilities, erosion
control, and fire prevention, -

Notall of the range manageér's time
is spent’ outdoors. Gfﬁ:e work i not
unusual. The rang: ‘manager may
consult with other conservation spe-
cialists, prepare written reports, and
perform certain admml;trﬂhv: du-
ties.

Because of thg multip!= use of
rangelands, range managers often
work in such closely related fields as
wildlife and watershed management,
forest management, and recreation.

Places of Emﬁhyiﬁinl

About 3 ,000 pamgm wark.ed as
range managers’in 1976. The mnjm-
ity worked for the Federal Gﬂ\rgn;
.ment, principally for the Forest Ser-
vice and the Soil Conservation
Service of the Departmient of Agri-
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H!nﬂ; menNagen liny Iﬁlnd mnilﬁlgr-bl! time awpy from ham- -arkln; outdoors In

r-muli parts of the fange.

culture dnd the Bureau of La.nd Man-
agement of the Department of the
Interior. Range mjan

governments ‘are (‘:Zi’
and fish departments,

oyed in game
State land

. Coal
rangz anagers to help restore
- :culagical balance to mmed out

ATEAS
em\ny Lhem h:i help increase thc
revenue from their landholdings.
Other range managers work for pri-
vate consulting firms and large live-
stock ranches.

Some range maRagers (with ad-
vanced degrees t;ch ang do re-
search at colleges’and universities.
Others work overseas with Uhited
States and United Natjons sgenues
and with foreign governments.

Training, Other Qualifications,
and Advangement

A bachelor’s degree wi 71 a major
in range management or rangé sci-
ence is the usual minimum ‘educa-
tional requirement for range manag-
ers. In the Federal Government, a
degree in a closely related field, such
as agronomy or forestry, including

courses in range management -and-

range science, may also be accepted.
Graduate degrees in range manage-
ment are generally required for

gers in State .

3 s . = \
and oil companies em-

teaching and research potitions, and
may be helpful for advancement, in
other jobs.

In 1976, about 20 colleges and
universities had degree prggrafﬂs in

A number .of other schm}!s i:lffe,red
course work in range management.

A degree in rangé management
requires a basic knowledge of biol-
ogy. chemistry, physics, mathemat-
ics, and communication skills. Spe-
cialized courses combine pjant,
animal, and soil sciences with inci—
ples of ecology anc,;? resource man-
agement. Desirable electives include
economics, computer science, forest-
ry, wildlife, and recreation.

Federal Government agencies, pri-
marily the Forest Service, the Soil
Conservation Service, and the Bu-
reau of Land Management, hire
some.college students for summer
jobs in range management. This ex-
perierice may better qualify these
students for jobs when they graduate.

Besides having glove for the qut-
doors, range managers should be
able to write and speak effectively
@nd work with others. They should
have the ability to work alone or un-
der direct supervision. Good phy%ical
health and stamina also are impor-

tant.
“ 7 .~
[
o+

Employment Outicok

~ Employment.of yange managers is
éxpecied to grow faster than the av-

7 .erage for all gtcupations through the

mid-1980's, Job opportunities
throughout this period are expected |
to be good for persons with degrees
in range management or ramge sci-
ence. Also, some jobs may be filled
by persons with degrees in related

* fields who haye had some range man-

agement courses.
An mergasmg demand for meat
and other rangeland products should
stimulate the need for more’ range
managers. Since the amount of
rangeland is generally fixed, range
managers will bé needed to increase
the output of rangelands while pro-
tecting their ecological balance..
Also, morg range managers will Sev
needed 2s the number of large ljge--
stock ranches increases,
Aswoil and c¢oal exploration accel-
erates, private industry will probably
require many more range specialists
Jo rehabilitate ecologically disturbed
areas. ' :
The use of rangelands for otl
purposes such as wildlife protection
and recreation could create additiof-
al needs for range managers, Federal
hiring for these activities depends
heavily upon legislation concerning
the management of range resources.

Earnings and Working
Conditions

In the Federal Government, range
managers with the bachelor’s degree
started ateither $9,303 or $11,523 in
1977, depending on their college
grades.” Those having 1 or 2 years of
graduate work began at 311,523 or
$14,097,; persons with Ph. D. degrees
started at either $14,097 or §17.056
a year. Range managers with the
Federal Government averaged about
$20.000 a year in 1977.

Salaries for range managers who
work for State governments and pri-
vate companies are about the same
as those paid by the Federal Govetn-
ment, according to limited data.

Range managers may spend con-
siderable time away from home
working outdoors in remote parts of
the range.
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Sﬂul’ﬂil nl Addlunnl '
Information ’

Information about. a career as a
fange manager as JIl as a list of
Bg is available
from:

Society for Range Management, 2760 W: Sth -

Ave. Denver, Col. 80204, .

For information about career op-
‘portunities in the Federal Govern- \

ment, canmt.

Buresu of Land Mansgemeni, Denver Service
. Centeg, Federal Center Bmldm; 50, Den-
ver, Col. 80255,

Forest Service, U S. Department of Agricul-

ture, Washington, DC. 20250.

Soil Conservation Seryize, US. Dep;nmem uf
Agriculture, Washington, D.C. 20250.

SOIL CONSERVATIONISTS
(D.O.T. 040.08 1)
Nature of the Work

Soil conservationists provide tech-
nical assistance to farmers, ranchers,
and others concerned with the con-
servation of soil and water. They help
farmers-and other land managers de-
velop programs that make the most
productive use of land without dam-
aging it. Soil conservationists do
most of their work in the field. If a
farmer is experiencing an erosion
problem, the conservationist will visit
the farm, find the source of the prob-
lem, and develop a program to com-
bat the erosion. For example, if the
erosion is caused by water rinoff on
sloped fields, the conservationist may
recommend ways to terrace the land,

. or construct pathways for the runoff,

that do not remove soil. If erosion
results from wind, the conservation-
ist may recommend growing hedges
in places that will provide wind-
breaks or may suggesl improved
methods of farming, such as leaving
the wheat or corn stalks on the field
after harv:s,tmg to provide ground
cover.

In many areas of the country—par-
ticularly in the West—rainfall is in-
sufficient to permit the growing of
crops. Much of this land, however,
can be made suitablé for grazing live-
stock if proper water conservation

Q
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Soll conservationist provides farmer with technical assistance.

techniques are used. Soil conserva-
tionists inspect rangeland and recom-
mend to range managers areas where
ponds can be constructed to provide
water for livestock, They also recom-
mend solutions to problems of over-

- grazing, such as seeding grassland or

placing salt licks in undergrazed
areas to keep the livestock away
areas that have been over-
grazed. In this manner thg& can dis-
tribute herds so that the concentra-
tion of animals in Any one area does

- 3

not exceed the replaceable food sup-
ply. :

~ Soil conservationists pay close at-
tention to weather patterns in order
to be aware of conservation prob-
lems before they arise. During the
winter .months, they make periodic
snowmobile or ski, patrols into the
Rockies and other mountainous
areas nf’ the West ta'measure snow-

sprmg and aummer wstg,r runaff ln
years when the snowfall is light, they

LN



" possible water shortages, and
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ahrt r:ﬂ[a mlm;nﬂ and ffi, ner.

op approp Q;l:le water conserya
measures. :

In addition to working witl
vidual ,firmen ;.nd ﬂnche,,

ter C@ﬂgfv:tiﬁﬁ Di;tﬁcu when solv-
ing areawide land management prob-
lems. A Soil and Water Conservation
District is made up of a group of indi-

viduals within a county who'are con-"

cerned with, and re;papsible, for,
conservation problems

\\TI'Tn that .
. county. Soil conservationists working

with Conservation Districts prepaie
maps of the district or parts of the

distric® depicting particular prob-.

lems of soil and wgt;r conservation.
They g:én use the maps to develop a
conagrvation program for the entire
ir::%:ther it is only a few farms

and hes of an entire watershed.

An estimated 7,500 soil conserva-
tionists were emplqayed in 1976,
mostly by the Federal Government in
the U.S. Department of Agriculture’s
Soil Conservation Service or in the
Department of the Interior’s Bureau
of Indian Affairs. Soil .conservation-

ists employed by the Department of -

Agriculfure"work as advisors for Soil
and Water Conservation Districts in
almost every county in the cguntry.
Those employed by the Bureau® of
Indian Affairs generally work near or

on Indian reservations, mostof which .

are located in the Western States, In
addition to those who work for the
Federal Government, others are em-
ployed by State and local govern-
ments, and some teach at colleges

and universities.

Other soil conservationists are em-
ployed by rural banks, insurance
firms, and mortgage companies that
make loans for agricultural lands. A
few also work for public utilities, and
lumber and paper companies that
have large holdings of forested lands.

Training, Other Qualifications,
and Advancement

Very few colleges and universities
offer degrees with a major in soil
conservation. Most soil conserva-

‘=~,,\ .

tmmiu, especially . tli:m: :mplﬂysd
by the Soil Camzrvﬂmn Service,
have degrees in agrqrmmy A few so0il
conservationists have degrees in re-
lated fields of the‘ngt,ural resource
sciences, such as wildlife biology,
forestry, and agricultural education.
ngrams of :tudy ggnﬁilly mﬁn in-
resources or ggneultmg. me!udmg at
‘least 3 hours in soils. ,

A background in agricultural engi-
neering is very helpful to soil conser-
vationists, and courses in cartogra-
phy, or mapmaking, also are helpful.
Soil conservationists must be able to
communicate well with people, since
much of their work deals with edu-
cating f’arm:m and raﬂchcsfs in muﬁd

must be able to prgpar: w,ﬂtten re-
pﬂm and plsns ﬂf pmgrams 1o pre-
Soil and Water C‘gmervatmn Dis-
tricts. . . -
Opportunities for advancement
are somewhat limited. However, con-
servationists working at the county
level may advance to the State level.
Also, soil conservationists can trans-
fer to related occupations such as
farm management advisor or land ap-
-praiser. Those with advanced de
grees may find teaching opportuni-
ties in colleged and universities.
Employment Outlook
Employment of soil conservation-
ists- is expected to increase about as

fast as the average for all occupations.

through the mid-1980's. In addition
to employment growth, several hun-
dred openings will occur each year
from the need to replace conserva-
tionists who die, retire, or transfer to
other occupations. For example,
even though employment of conser-
vationists in the Soil Conservation
Service hag not increased over the
past decade, tHe Department of Agri-
culture has hired, on the average,
about 400 new conservationists each
year. -
Employment growth will occur in
banks, public utilities, and other or-
ganizations that make loans on agri-
cultursl lsnds or thst have large hold-
these orgamgaunns are addmg con-
servationists to their staffs to help

1
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B%Sﬂe the value of ilﬂnlanﬂs an
ich they holq martgaget or to help

:gmply with fecefit constrva-
m:m and anti-pollutiop jaws. In addi-

tion, as coficem for the efivitonment
and interest in conserving: the ph:ls
‘duml\uty of agricylwural jands .in-

creases, a larger number of colleges .
should add soil congefrvation majon
to their degree Programs, which

.would increase the qemand Tor soil

conscrvationists to fill teaching posi-
tions. However, betayse this is s very
attractive job choice for mapy péo-
ple, competition for jobs a3 toil con-
servationists may make it difficult wo
find jobs in this field.
Earninga and Working
‘Conditiony.
Soil conbervationiss who had a

bachelor's degree gnd were em-
ployed by the, Federgl Government

‘received $9,303 a Year in 1977. Ad-

vancement to $11.523 could be ex-

pected after | year of satisfactory

service. Those who had outsianding®
récords in college, or who had a mas- .
ter's degree, started at $11,523 and

could advance to $14, 097 after 1

year. Fégther advancement depends

upon the individual’s ability to fe-

cept greater regponsibility. Earnings

of well-qualified Federal sﬂll conger-

vationists with severa| years' experi-

ence range from $17,056 1o $28,725

a year.

Because so0jl consefvationists do
most of their work in the field, this
may be an ideal career fof a person
who enjoys working oytdoors, Usual-
ly during periods of bad weather they
work in their offices, but occasibnal-
ly they have to work outdoors in in-
clement weather.

Sources of Additona;
nfarmation

Additional informatjon on employ-
ment as a 50il conservationist may bhe
obtained from thq U.§. Civil Service
Commission, Waghington, D.C.
2041 ;J Emplnymem Divigion, OfFice
of Personnel, U.S. Department of
Agriculture, Washington, D.C.
20250; or Any office of the Depart-
ment’s Soil Conservation Sefvice,




) ‘unﬂmad our patural environ-
' ;—ihe gardi it- ltmmpherg, and

o m hmwn :: ;anh n:ientim nre

concermed with the history, composi-
~ tiom, mnd characteristics of the
‘earth’s surface, interior, and atmo-
lphe!iﬁhmg do basic research to
z ific_knowledge, while

'kﬁé\iiadie 7g§ln=d from” basic re-
. mlreh to help solve prattical prob-
lems. Geologists, for example; may

other minerals, while many meteo-
rologists forecast the weather. Egyls
-, ronmental scigntists also play an im-
portant role in solving environmental
pollution problems. Many environ-
. mental scientists tear:h
‘and univeérsities.

This chapter discusses four envi-
.ronmental science occupations—ge-
ologists, geophysicists, meteorolo-
gists, and oceanographers.

esearch, using

1 colleges
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Egviiﬂnmeinﬂ lcknthti help us

EEQLQEISTS

(DO.T, 024.081)

Nature of the Work -
Geologists study the structure,

composition, and history of the
=arth s crust. By’examiﬁing iurfics

§Dr=!. they dateﬁnme the types and

‘distribution of rocks bgneath the

- ‘earth’s surface. They also identify
- rocks and minerals, coriduct geologi-

e explore for new sources of éil and

cal surveys. dfaw maﬁs také mes—’

;:al rgsesr:h he_lps to dgtenn,!ng t.lj:
structure and history of the earth and
may result in slgmﬁggnt advan::e:
such as the ability to predict earth-
quakes. An important application of
geologints’ work is lm;atmg oil and

- other minerals.

Geologists use’ many tﬂﬂll and in-
struments such as’hammers, chisels,
levels, transits (mounted telescopes
used to measure angles), gravity me-

' - - tefs, cameras, compasses, and seis-

. ‘magraplil (mztmmenﬁ Lh:t reﬂmi

the™ mtemnt.y and duration of esith=-

" "quakes ‘and earth tremors). They

may evalyate iilférmltll‘.m from pho- -
tographs taken from aircraft and sat- e
cllites and _‘Iu-. compuiers to rgcnrd
‘and analyze' data; :

. Geologists also gxiﬁnne chsmxcal o

‘and physical properties of speclmen’
in laboratories undsr controlled tem-
perature- a
study fossil rémains of animal and’
vegetable life or experiment with the
flow of water and oil through rocks:

Laboratory equipment used hy ge

ologists includes complex instru.

nients-such-as-the X:ray-diffractomy-- -«
" eter, which determines the structure

of mmera!l and the petrcgrlphic mi-
‘croscope, uUsed for close mmy of
rock formations.

. Besides locating resousces and

wnrkmg in lab@rstﬂtlga, ‘geologists

also are called on to gdvms construc-
_tion companies and governmental
agencies on the. s
locations for iconstructing buildings,

‘dams, or highways. Some geologists'

administer and manage research and’
exploration programs. Others teach
and work on research projects in col-
leges and universities. =

. 'Geologists usually specialize in one’
«0r a combination of three general

arcas—earth materials, earth pro-
cesses, and earth history.

Economic geologists locate eaﬂh
_materials such as minerals and solid
- fuels. Petroleum geologisis search for

and recover oil gnd*natural gas.
Some petroleum E;nlngim work
near dnﬁmg wites and others corre-
late petroleum related geologic infor-
matioh for entire regions. Engineer-
ing geologists determine suitable sites
for ‘the ‘construction of raads. Zir-

- fields, tunnels, dams, and other struc-

tures. They decide, for example,
‘whether underground rocks will bear
the weight of a building or whether a
proposed structure may be in dn
earthquake-prone area. Minergl-

$sure. They may

titability of certain

-

ogists analyze and classify minerals .

and precious stones according to

.. composition- and ftructure, Geo- -

chemisis study the chemical compo-
sition and changes in minerals and
rocks to understand the dufrihutmn

~ ahd mlgratmn(nf elements 'in the

earth's crust

\j




- Geologists concerned with earfh

piocenses nmdy land forms and their
rock masses, sedimentary deposits
’(métter depnsnted by wg‘ler ﬁr' wmd)

noes. Fglcunalagms 5tudy active and

- inactive volcanoes, and lava flows’

and other eruptive activity. Geomor-

' phologists examine landforms and

Q
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thoze forces, such as erosion and gla-
ciation, which cause them fo change.
Other geologists are primarily con-

cerned with earth history. Paleontolo- -
gists study plant and animal fossils to,

trace the evolution and development
of past life. Geochronologists deter-
mine the age of rocks and'land forms
by the radioactive decay of their ele-

" ments, Ftrq{fgrﬂphérs study the distri-

bution and aryangement of sedimen-
tary rock lay
fossil and mmeral content.

Many geologists specialize in new '
. fields that requiré knowledge of an-

other science as well. Astrogeologists
study geological conditions on other
planets. Geological oceanographgrs
study the sedimentary and other rock
on the ocean floor amd continental
shelf. (See stateménts on oceanogra-

* phers and mining elsewhere in the

Handbook.)

Places of Employment

More than 34,000 people worked
as geologists in
three-fifths of all geologists work in
private industry. Most industrial ge-

ologists work for petroleum compa--

nies. Geologists also work for mining
and quarrymg companies. (See state-
ments on the mining and petroleum
industries elsewhere in .the Hand-

book.) Some are employed by con-
struction firms. Others are indepen-

‘dént consultants to industry and
government.

The Federal Government employs
over 2,000 geologists. Two-thirds
work for the Department of the Inte-
rior in the U.S. Geological Survey,
the Bureau of Mines, and the Bureau

Reclsmatiaﬁ State agencies 3lsc:

surv:ys in ;unperatmn with the Us.
Geological Survey.

Colleges and universities employ
about 9,500 geologists. Some work
for nonprofit research institutions
and museums. '

by exammmg their

1976, More than

_ Emplayment of geologists is con-
centrated in those States with large

_oil and mineral deposits. Almagst two-
“thirds ‘work in five' Stiites:

Texas,
California, Lnulsiana, Colorado, and

Oklahoma. Some are employed byi

American firms overseas fnr varying
p:m:ﬂs ﬂf tlm:

_Training, Othet Quallﬂe;ﬂanl.
and Advancement 3 _

A bachelor’s degree in, geology or
a related: field is adequate for entry
into some geology jobs. An advanced
,dsgfei is helpful for promotion in

most types of work, and is esngrmsl ,

for college teaching and many re-
search positions. \“ :
About 300 cnﬂeges and uhiversi-
ties offer a bachelor’s degree in geol
ogy. Undergraduate students devote
about one-fourth of their time to ge-
ology courses, including physical,
structu al and. hlstur;t:al geology,
eralogy, petmlngy, and inverte-
brate paleontology, ﬁbnu; one-third
of their4ime taking mathematics, re-
lated sciences—such as physics and
chemistry—and engineering; and the

‘remainder on general academic sub- -

jects.

More than 160 universities award
advanced degrees in geology. Gradu-
ate students take advanced courses
in geology and specialize in one
branch of the science.

Students planning careers in explo-
ration geology should like the out-

doors, and must have physical stam-’

ma

Geologists ususlly begin thmf ca-
reers in field exploration or as re-
search. assistants in laboratories.
With experience, they can be pro-
moted to project leader, program
manager, or other management and
research positions.

S,s""

Empiayh\ini Outlook

1

ngy are :xpecled to be good t’Eir thas:
with degrees in geology or in a relat-

ed science with courses in geology.

The employment of geologists is ex-
pected to grow faster than the aver-
age far all occupations through the
mid-1980's. This growth will create
many new openings each year. Many
;é?ditional openings will be created

11
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§-

-em‘:h ycar by g&nluglsts who rehre.

die; or leave the occupation. -

Increased | prices for. pétroleum and

‘the necessity to locate new sources of

- other minerals ag &lder sources be-

come exhausted will stimulate do-
mesti¢ exploration activjties and re-
Quire many additional gEDnglst!
Additional geologists also will ‘be
needed to discover new resources

- and - their potential uses. For exam-

ple, geologists will help determine
the feasibility of using geothermal
energy (steam from the earth's interi-

or) to generate electricity. Geologists.

are needed to devise techniques for
exploring deeper within the earth’s

crust and to de,velq-p mﬁre gfﬁcient .

methods of mining resourcés. They
also are needed to develop adequate
water supphes and waste disposal
methods, and 10 “do site E!rsluatmn
for|construction activities.

Earnings and Working
Conditions

Geolggists have relatively high
salaries, ‘with average earnings over
twice those of nansupervisnnv work-

ers in pnvate mdustfy. except farm-
ing.

Accﬂrding to a survey done by the

' College Placement Council, in early

1977 graduates with bacheldr’s de-
grees in other physical and earth sci-
ences received average starting of-
fers of $13,300 a year. Graduates
with master's degrees in geology and

related geological sciences received |
average starting offers of $14,900

per year, ¢
In the Federal Government in
1977, geologists having a bachelor’s
degree could begin at $9,303 or
$11,523 a year, depending on their
college records. Those having a mas-
ter's degree could start at $11,523 or
$14,097 a year; those having the Ph.
D. degree at $17,056 or $20,442. In
1977, the average salary for geolo-
gists emplbyed in the Federal Gov-
ernment, was over $25,000 a year,
Conditions of work vary. Explora-
tiort geologists often work overseas.
Geologists travel to remote sites by
helicopter and jeep, 'and cover large
areas by foot, often wr;:ging in
feams. Geologists in minirflg some-
times work underground. When not
working outdoors, they are in com-

11
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séun}n of Additional
" Information

ngers] information .on’ traimng_!‘

and career uppuﬂumtle; for geolo-
gists is available from: "

Ainanzln Gmhﬁcﬂl Institute, SZDS Leelburg'

Pike, Falls Chuich, Va, 22041,

For information on Federal éuv-

ernment camerl. contact:

- !mar;;aney Board of U S, Civil Service Exam-

inenn for Washington, D.C., 1900 E St.
NW., Washington, DC 20415, )

no

GEOPHYSICISTS
(D.OX. 024.081)
Niﬁlr- of the Work

Genphysn:mu study the composi-
tion and physical aspects of the earth
and its electric, magnetic, and gravi-
tational ﬁelds Geophysicists use

ighly complex instruments such as’

the. magnetometer which measures
variations in the earth's magnetic
field, and the gravimeter which mea-
sures minute variations in gravita-

. tional attraction. They often;yse sat-

E

from outer
colect and

ellites to conduct tests

space and :gmputers ta

analyze data. ’
Geophysicists usually specialize in

1 of 3 general phases of the science—

solid earth, fluid earth, and upper
atmosphere. Some may also study
other planets. :

"Solid earth geophysicists search for
oil and mineral deposits, map the
earth’s surface, and study earth-
quakes. Exploration geophysicists use
seismic prospecting techniques to lo-
cate oil-and mineral deposits. They
send sound waves into the earth and
record the echoes bouncing off the
rock layers below to determine if
conditions are favcrablc for the ac-
cumulation of oil,” -

Seismologists study the :arth "5 in-

terior and earth vibrations caused by
earthquakes and manmade explo-

sions. They explore for oil and miner-
als, study underground detection of
nuclear explosions, and provide in-

12
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Some geophysiciats work in redearch laborstorien,

B

formation for use in' constructing
bridges, dams, and buildings. For ex.-:
ample, in constructing a dam, ,seis-
mologists determine where bedrock
{solid rock. beneath the soil) is
closest to the surface so the best dam
site can be selected. They use explo-
sives or mhcr methods to create
sound waves that reflect off bedrock;
the time it takes for the shock wave
to return to the surface indicates the
depth of bedrock. Seismologists also
seek to understand the causes of
earthquakes so that one day they
might be predicted.

Geodesists study the size, shape,
and gravitational field of the earth
and other planets. Their principal’
task is precise measurement of the
earth’s surface. With the aid of satel-
lites, geodesists determine the posi-

tions, elevations, and distances be-
tween points on the earth, and
measure the intensity and direction
of gravitational attraction.
Hydrologists are concerned with

“the fluid earth. They rhay study the

distribution, circylation, and phys ical
properties of underground -anad_gur-
face waters, including glaciers, snow,
and permafrost. They also may study
rainfall and its rate of infiltrationinto
soil. Some-aresoncerned with water
supplies, ifrigat’cﬁ. flood control,
and soil er . (See statemmt on
uézanagr&pﬁ:rs sometimes classi-
fied as geophysical scientists, else-
where in the Hapdbook.)" .
Geophysicists also study the atmo-
sphere, investigate the earth™s mag-
petic and ‘%electric fields, and €om-
pare its outer atmosphere with those



Q

ERIC

Aruitoxt provided by Eic:

]

of other planets. Geomagneticians
study the earth’'s magnetic field.
Paleomagneticians learn about past
magnetic fields from rocks or lava
flows. Planetologists study the com-
position and atmosphere of the
moon, planets, and other bodies in

the solar system: They gather data

from geophysical instruments placed
on inletplanetary space probes or
useéd by astronauts
during the Apollo missions. Meteo-
rologists sometimes are classified as
geophysical (See state

the Handbook.)
Places of Emplayment

About
geophysicists 1n 1976 Muost work

12,000 peouple worked as

private industry, chielly for petiule
um and natufal gas (Sec
statement on the miaing and peuole

COITIpAaies

um industry clsewhere v the Hurid,
book ) Others are 10 minlag woinpag
nies, exploration and cousulting
firms, and research mstitutes A feow
are independent consultants and
some do Sig}phy&!;dl pluapcctiing ui
a fee or contiact basis
are -

Lieophysicists wipluyeidl

u!!ti oo S i

il

wany  southwesian
States  and In
Coast -helc la.ge b ad sl o gaa
fields are located’ Some geophys

Auaicile an

thos ITEITS

clsts are ampluyed by
firms ovedseas for vaiying periods of
e
Ala..ar 2 e W, R .

Lddeslals s o hyd siugheds s ke L FL
Federal Ciovernment
1976, m.alaly the U S
Survey, the Mallc.al wricanle wnd
Atmosphedic Adritnlstravon
(NOAA), and the Detense docpait
aurih o

dguencie: Nt

(Ji,au i,u;;.v al

ment Csahier gooupliysiciats

colleges and universitlica Ltate .0
ernmenl,; an i uunpn)[lt Vazeals 1T

sLilullogs
. LA

Paadndn,, %suh.=. sa.
an Advincument

A Lachaelos 5 dogins 1o g 1

. & geophysical spediaity 15
ciem for most beginning JObLa 1. ge.
physics A bachelor’s degree in ar«
lated field of science or engineziin,
also is adeuate preparaiion, provid
ed the person has coursesin geuphys

-

ics, physics, geology, mathematics,
chemistry, and engineering.
Geophysikists doing research or
supervising exploratian  activities
should have graduate training in geo
physics or a related science. Thos
planning to teach in colleges or d
basic research should acquire a P
D. degree. ,
About 50 colleges and universities
award the bachelor’s degree in geo-
physics. Other programs offering
training for beginning geophysicists
include geophysical technology, geo
physical engineering, engineering ge
ology, petroleum geology, and geod-
Moie than oU univeisilies grant the
and Ph D degree in geo

W

master’s
physics Candidates with a bachelor’s
degrce which iIncludes courses in ge
ology, mathematics, physics, engl
necring oi-a combination of these
subjects can Lo admitted
Guoplysicisls oftenm work us pait of

w teamn They should be curnwas, ana

B ucal aud avle to communicate ef
[

fectively
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Cde L atee s paen Geanaate.
caed lo be ve y guad o g sda o
cth g Jegre: in geophyshos o1 4 re
Loted teld though few opendiigs arc
crpe ted tlleverthoiles: the number
uf p::upl& qu’g!lﬁéd w enter he field
mauy fall anort of requirements 1f pre-
senl teuds 1 the number Gbiaining

B ) hyﬁi;i vtaining cohililue
Employn.ent of geophysiclatae s
g cled 1o grow faster than the aver
age fu. atl vecapativeis thidugh the
mig 1980°% As known deposits of
pet ddeam end othermiscrals are e
pleted, peuoleum aad miming torh
paules over the ne.tde.ade wili need
lnvicasing auikbera of geuphysicists
whie van u.e suphisticared electrionic

acessibble fuel

techaniguaes Lo find leas
and mineral deposits
tn additivn, geophysiciats with add

|
A L4

L3 .

research on radioactivity and cosmic
and solar radiation and to investigate
the use of geothermal power (steam
from the earth’s ifterior) as a source
of energy to generate electricity.
Federal agencies are expected to
hire more geophysicists for new and
expanding programs. Through the
mid-19807s, jobs will depend heavily
on funds for research and develop-
mentin earth sciences as the Govern-

ment supports energy research in
both established and alternative
sources The Government also may
fund research to locate more natural
resources and to prevent environ-
mental ;jaiilagf;‘— through better land

usg

Earmnings and Working
Conditions

\;Quph!;h,hia Liave tclathoely high
.alaties with average camings mofe
than twice those of nonsupervisory
workeis 10 phivate mdustry, except
farming

According to a sufvey done by the
Cullege Placement Counl, in carly
1977 graduates with bachelor’s de
gieea 1n uthed pliystcal and earth sei
ences towvelved average starting of
feis of 313 300 a yea Q?Edu;_xl;b
wilh maeate i n degecos in goology and
relatzd geological scienices recerved
sverage starting offers of 314900
per yea

l;; the
127 Eét.l hiysisial having a bacbe

| SRV PO LY S PN Y PR T
e asgrce could boglo ar 3% 303 o
$11 323 a year depending on their
colege oeorda CGeouphysicsts hav
Ing & master s doglee could start at
$11.52 or 314 841 a year, those
having a Ph D degice at 317,056 or
$20 442 In 1477, the average salary

fur geop hyd=lsts cnployed by th
Feaeral Goveinment was ab
324 500 4 yea <

Many geophya e o o wutde s
wantd
exteaded pentuds of thae some work

must be wilung 1o vavel for

tions In (e.notle dfeas,

at 1esearch st
ut abuard slips and aliaft cquipped
widh sophisticated gzophysical equip-
ment When not in the field, geo-
physicists work 1 modermn, well-
equipped, well highued laboratories
and offices.

L™
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- Sources of Additional

Infermation

General information on career op-
“portunities, training,and earnings for
geophysicisis is available from:
American Geophysical Union, 1909 K St

NW., Washington, D.C, 20006
Society of Exploration Geophysicists, P.O.
Box 3098, Tulsa, Okia. 74101

For information on Federal Gov-
€rnment careers, contact;

Interagency Board of U.S. CiwitService Exaln-
iners for Washington, D.C . 1 904 E St
NW., Washington, D.C 20415

(DOT. 025 0K88)

Nature of the Work

Metewrology 18 the study of the at

. mosphere, which is the air that sur-
gounds the carth. Meteorologists de-

scribe and (ry to understand the

gtmus?hgrc s physical characteris

s, motions, and prucesses, and de

termine the way the behavier of the

esl ob Lun
The
known application of this know ledye
is in understanding and forecasting

atmosphere sjllE is the

physical ;:nvnunmtru Leal

the

weather MCIE\)[(}I\)E!LGI [RE
reh is also applied in many other

areas not duectly relaced w0 weathen

forccasting such as undei.landiug
and solving an pollubion problems
and studying treads in the arth s Ui
maie

Meicusulugiats w b, apee-
forecasung the w.arhe.  known peu
fessionally as sy nopric meeteoralogisi.
are the largest group of ﬁp::;;h;g!l};la
They study current weather infornig
tion, such as air pressure, termnpera
ture, humidity, and wind velocity, in
order to make short range and long
Their data come

[ VR

range predictions
ffum\weathizf 5 iEllltc‘i amj nh-mrwfis

some Fu,rusa:-lua
analyze weather
now are plotied
computers

Some meteorulogists are engaged
in basic and applied research. For
example, physical meteorologisis

:r.l!“ pleulE dnd
maps,
and analyzed by

most Jata

T4
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Meteorologist sending weather balloon aloft.

BT EUY P aud electiical
peivpe. ties of the e.iin.usplu:[&: They
do 1escare i on the effect of the at-
musphere on transmission of light,
as well as

chenileal

suulid, and 1edio waves,

study faciors affecting formation of

faln anow and other weather
(ther meleorologists,
study cli-

wload,
phenotiucia
hiown as elurtafolugiats,
matle vends and analyze past rec-
wrds v wind raiafall, sunshine and
temperature v deteimine the gener-
al pattein of weather that makes up
an area’s clinate “These studies are
uscful in planning heating and cool-
ing systemns, designing buildings, and
aiding in effective land utilization,
Other incteorologists apply their
hoowledge in the study of the rela-
nonship beiween weather and specif.
ic humag activities, biological proc-
es=es, arfd agricultural and industrial
vperatidns For example, tht:y may
make weather torecasts for id-
val cuinpanies, or may work Of prob-
leris such as smoke control and air
pollution abatement.
Aboutone-third of all civilian met.
corologists work primarily in weather

A
b

bt

forecasting, and another ome-third
work in reésearch and development
Almost one-fifth of all civilian me-
teorologists are in administrative or
management positions. B
Some meteorologists teach or do
tcscarch —frequently combining
both activities—in colleges and uni-
versities. In colleges without separate
departments of meteorology, they
may teach geography, mathematics,
physics, chemistry, or geology. as
well as rueteorology. . .

Places of Employment

About 5,500 persons wurkr:d as
lllﬂleurulugla[a inl976_ In addltlgn to
these civilian meteorologists, thou.
sands of members of the Armed
Forces did forecasting and other.me-
teoroloffcal work.

The largest employer of civilian
mieteorologists was the Natiopal Qce-
anic and Atmospheric Administra-
tion (NOAA), where over 1,800
worked at stations in all parts of the
United States and in a small number
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of foreign areas. The Department of
Defense employed over 200 civilian
meteorologists.

Almost 2,000 meteorologists
worked for private industry. Com-
mercial airlines employed several
hundred to forecast weather alapg
flight routes and 10 brief pilots on
atmospheric conditions. Others
worked for private weather consult-
sing firms, for companies that design
{ and manufacture meleorological in-
struments, and for firms in aero-
space, Insurance, engineering, utili-
tieg, radio and television, and other
industries. ’

Colleges and universities em
ployed over 1,300 meteorologists in
research and teaching A few worked

for State and local governments and
for nonprofit organizations.

Although méteorologists woik In
all parts of the couniry, nearly oue
fifth live in just two States Califus
nia and Maryland. Almost one tenth
of all meteorologists work in the
Washinglon, D C area

Tralning, Other Quaiific ations
and Advancemaent

A buchelo's Jdegiee w il o wiaf. ..
s meteorology s the uaudl tiicimum
requirement fur beginning jobs m
weather 7 fuiccasang However, a
bachelor's degree in a . lated scie..e
o1 engineering  along  with  avine
courses in metec: vlogy. ia acceplable
fur some jubs Fur exainple the Fed
eral Governmont’s minlmui: reyulie
ment for beginning juobs 1s . bache
lor's degice with at 1east 20 sc meste.

hours of study 1 metesivlogy and

ﬁﬁ':ﬁ;ﬂa ta physics and mathema. des
inclodiug i;aliill;lé Huwevei, cin
ployers piufer to huc those witi an
advanccd degiee, amd an aldvan ed
degree 13 lngrﬁﬁiiﬂély tert
advancement \

IS SARALY

For research wnd hiloge tou bing
and fur many sop level pootions in
other [iiﬁtﬁﬂr\;lggihél\\:E;ll\f“ii? an
advanved degrec, pmfﬁ\‘,ﬁbly o e
orology, is essential Howe: e
ple with giadusie degress in athe
sciences also may qualify if the, have
advanced dourses in mejecorology
physics, mathematics, and ¢hemistry

In 1976, 44 colleges and universi
ties offered a bachelor's degree in
meteorology or atmospheri€ science,

P

59 schools offered advanced degrees.
Many other institutions offered some
courses in meteorology. Y

The Armed Services give and sup-
port meteofological training, both
undergraduate education for enlisted

personnel and advanced study for of -

ficers. -

NOAA has a program under which
some of its meteorologists attend col-
lege for advanced or specialized
training. College students €an obtain
summer jobs with this agency or en-
roll in its cooperative education pro-
gram in which they work at NOAA
part of the year and attend school
part of the year In addition to help-
ing students finance their education,
this program gives them experience
valuable for finding a job when they

graduate
Beginnuig  mctlevsulogis often
start in jobs involving foutine data

collection, computation, or analysis,
I’:Apﬁrlcnu:d mi:ltzululuglsla may ad-

vance in academic rank &r to ious

supeivisury or administrative jobs. A
few very well qualdfied meteorolo
gists with a background in science,
englneering, and business adminis.
tration may esiablish their own
weather consulting services.

E sn F!Ey!i!élgl Hilliﬂﬂk

o metéw... 1.
Lists a, vuld be favorable through the
mid- [ ¥80's. Atthough the number of
openlngs cieated by growth in the

sppeun lanliles ol

occupatien and replacement needs is
net expected to be large . the nunibes
of persons oblalaing degiees in mete
oralugy also 13 small If trends in the
number of degiees granted contiue,
the nun.ber of peuple seeking entey
ty e fisld will aboutl cqual require

m=itls {

prhopieantl e thoe Dicld

sivsle | is EAPEL vad oL reas
ay f:
Uens Linployment of meteorologists
tn tndustry and in weather consulting
flimna 1a expescted tu grow as private
idusuy realizes the importance of
meteorciogy tu understanding and
prevenung als p..llution Many com.
panics are also recognizing the value
of having their own weather forscast
tng and meleorological services
which can be tailored to fit their
needs Theie also should be some

111
t as the average forall o

1

n;ﬂ*

meings iﬂ radin and lE‘lé\'iSiﬂl‘l as
own mElLQFDl_Dglsls to pl‘ﬁpdr{: and
deliver their weather repgrts. Colleg-
es and universities will offer some job
opportunities, especially for those
with advanied degrees. The €mploy-
lian meteorclogists by
the Federal Government is not ex-
pected 1o grow significantly, al-
though there will be openings creat-
ed by replacement needs.

'Ea mings and Working
Conditions

Meteo ologists have relatively high
earnings; their salaries are about
twice the average for nonsupervisory
workers in private industry, except
farming

iﬂ lQ?‘I ﬁiélfzuf‘iﬁglslsiﬂ the Féij»
dagn:(: and no i;;pe;r,lﬁ:nu::‘ l'El:I‘:th:—d
starting salaries of $9,3030r%11,523
a year, depending on their college
grades. Those with a master's degree
could start at $11,523 or $14.097,
and thase with the Ph. D. degree at
$17.056 or 320,442 The average sal-
ary for meteorologists employed b
the Federal Government was
52*’4 500 in 1977

Airline meteuvivlugists’  salarles
ranged Lom about 316000 w0
$24.00u a yeai in 1976, d@p?ﬁdmg
(See Statement on

e

on eXpecience
Ocoupations in Civil Aviation clse
where in the Handbook )

Jubs in weather stativns which aie
vpcialed around the clock 7 days a
weck, often involve nightwork and
rotating shifts Mosy slations arfe "at
sOMme are

alfporls or i O near . ilies,

i isolated and remowe areas Meteo-

\m

rofogists iu smaller weather station
generally work alone, in larger ones,
they work as part of & teanr

Sowurces of Additional
Information

vaoctal formaton vl cef Op-

. Alunities in meteorvlogy is avail-
able from:

Aneilcan Meeviulugival Suviety 43 Beacun

5t Boston. Mass 02108 4

Amsican Ceophysical Unien, 190% K 5t
NW . Washingion, 13 C 20u086

wllh thi: NQAA Nanund! Wsalher

15
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Sefvice and its student cooperative

education program, contact:

Peraonnel Gpgr‘g!icm; Branch, AD 4 1, Mation-
al Oceanic and Atmagpheric Administra-
tion, 6001 Executivé Blvd., Rockville,
Md. 20852.

OCEANOGRAPHERS
(D.OT. 024 081 and 041.081)
Nature of the Work

QOceans cover more than two-
thirds of the earth’s surface and are a

source of valuable foods, fossil fuels,

and minerals. They also influence the
weather, serve as a ““highway™ for
transportation, and offer many kinds
of recreation. Oceanographers use
the principles and techniques of
natural science, mathematics, and
engineering to study oceans—- their
movements, physical properties, and
plant and animal life. Their research
not only extends basic scientific
knowledge, but also helps develop
practical methods for forecasting
weather, developing fisheries, mining
ocean resources, and improving na-
tional defense

Most oceancgraphers test their
ideas about ¢the ocean by making
observations and conducting experi-
ments at sea. They may study and
collect data on ocean tides, currents,

" and other phenomena They may

study undersea mountain ranges and
valleys, oceanic interactions with the
atmosphere, and layers of sediment
on and beneath the vcean floor

' Many oceanographers work pii
marily in laboratories on land where,
for example, they measure, dissect,
and photograph fish. They also study
sea specimens and plankton (floating
microscopic planté and animals)
Much of their work entails identify.
ing, cataloging, and analyzing differ-
ent kinds of sea life and minerals. At
other laboratories, oceanographers
plot maps or use computers to test

_theories about the ocean, For exam-

ple, they may study and test the the-
ory of continental drift, which states
that the continents were once joined
together, have drifted to new posi-
tions, and continue to drift, causing

I
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Four out of ten sceancgraphers work in just three States—California, Maryland, and

Virginla.

N \
the sca tluor Lo spread in places. To
present the results of their studies,
Oceanographers prepare charts, ta-
bulations, and reports, and write pa-
pers for scientific journals.
Oceanographers explore and study
the ocean with surface shipy, aircraft,
and various types of underwglgr
craft. They use specialized instru-
ments to measure and record the
findings of their explorations and
studies. Special cameras equipped
with strong lights are used to photo-
graph marine life and the ocean
floor. Sounding devices are used to

16

meagure, map, and locate ocean ma-
terials,
Most oceahggraphers specialize in
one branch of the science. Biological
n:icgaﬂggrap yrs (marine biologists)
dy planf and animal life in the
dvean. The biological oceanogra-
pher's refearch has practical applich-

ining the fﬂ‘ects of pollution
1arine life. /Physical oceanogra-
s (physicis : snd gmphysu:mu)
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* :

mosphere may lead to more accurate

About 35 colleges and universilies

prediction of the weather. Geological - offered undergraduate degrees in

oceanographers (marine geologists)
study the ocean’s underwater moun-
tain ranges, rocks, and sediments.
Locating regions where minerals, oil,

.and gas might be found under the

ocean floor is an application of their
work. Chemical oceanographers in-
vestigate the chemical composition
of ocean water and sediments as well
as chemical reactions in the sea.

Oceanographic engineers and elec-
tronic specialists design and build in-
struments fqr oceanographic re
search and operations. They also lay
cables and supervise underwaters
construction.

Many other sclentista alse woik on
but are

problems related to oceans,
counted in other scientific fields auch
as biclogy. chemstry . or geolugy

Piaces of Employmant

About 2,700 persvons wuthog .
wweanogiaphers in 1976 About v..c

ties, and more than one-fourth for
Federal
agencies employing substanual numn-
bers of oceanvgraphers include the
Navy and the Naticnal (deeanic and

the Federal Goverument

Atmospherie Administraslon
(NOAA)
work in privale industry, a few work

Sume vceanvpiaphers

for fishery laburawsiies of State and
local governments.

Must
suates lhal burder oo the

,,,,,, wiaakh i
ean il
though th&ic aie avtnc i wcanupia
phers ¢mployed In alnust evury
State Four vul of 10 seeanog aphera
work in just thice Statea Califoinla

Maryland, and Viiginia

Training, Othe: Quahin. wu. ...
and Advancement

The snlnbihiuin ;équifélngm i
seaning professivnal jobs in uoca u,
raphy is a bachelor's degree wiih .
majoy is occanogiaphy, biclogy
earth or physical sciences. mathe
matics, or engineering However
most jobs in research, teaching, and
high-level positions a0 most odher
types of oceanographic work 1eyuiie
graduate training in oceanogiaphy vt
a basic science, and a doctoral de
gree is often preferred or fequired
for many Gicﬁ:aT}graphy positions

“

oceanography or marine sciences in
1976. However, undergraduate train-
ing in a basic science ‘and a strong
interest in oceanography may be ade-
quate preparation for some begin-
ning jobs and is the preferred back-
ground for graduate training in
oceanography.

College courses needed to prepare.

for graduate study in oceanography
include mathematics, physics, chem-
istry, geophysics, geology, meteorol-
ogy, and biology In general swudents
should specialize in the particular
science that is closest to their area of
oceanographic interest. For example,
students ifjierested

/ could obtain a degree

in chemical
oceanograph
i chemistry

In 1976 abuut 63 colleges offered
advanced degrees aceanugmphy
In graduate
schools, advanced
courses ln vceanogiaphy and in basio

and mariie Ssciences
students  take

sciences
GUraduaie students usually woik
part of the ume aboard ship, where
they do vecanvgraphic research and
with the sea and
used Gbtain
Univer

siticy having vecanugraphic sesearch

becyvine fanuliar
with  techniques iy

veeanaglaphic intermatien

facilicles aloag our coasts offer sum-
mer courses fur both graduate and
undu graduate students Oceanogla-
phers should have the curiosity need-
ed tu Jdo 1esearch and the patience to
sulle~t data and coenduct expeni
inuiils

w Il

nugiuplicss

Begh. daig oo wu
a.e bachclor  degree usually siart as
scacareh wr laboratory assistants og
in Jubs involving routine data collac
tlun computation, of analysis Most
begraning cceanographers receive
un the jub wraining The extent of the
tiaining varies with the background
and needs of thc individual

Eapetienced oveanographes ofiey,
Jviesl surveys and research progyrams
o1 ad-ance o administrative or su-
pe:visory jubs in research laborato-

ries

PR Y PR T FY 17T 3

siia seekliug Juos i uscs,. ..

y uay fage compelition throukl,

tue .qaid- f980°s Those witha Ph D

o

degree should have mare favorable
employment opportunities than oth- -
ers, while those with less education
may find opportunities limited to
routine analytical work as research
assistants or technicians. Persons
who combine knowledge of other sci- -
entific or engineering fields with
oceanographic studies should havg
better employment prospects than
others whose knowledge is limited to
oceanography.

Employment of oceanographers is
expected o grow about as fast as the
average for all occupations. This
growth will result from increased
awareness of the need for ocean re-
search for understanding and con-
trolling pollution, for recovering off-
shore oil and other natural resources,
and for national defense. However,
growth in employment may not be
rapid enough to create enough open-
ings for all those expected to seek
entry into this relatively small field.
Since the Federal Government fi-
nances rmost oceanographic re-
search, a large increase in Federal
spending in oceanography could im-
prove employment prospects

Earnings and Working
Conditions -

Lo asirkl aphﬁiﬁ have rtclalivgly
imgh earnings. Theu average salaries
were more than twice the average
received by nonsupervisory workers
in private industry, except farming

In 1977, oceanographers in the
redeal Goverpment with a bache.
lor's degree received starting salanes
of $9.30% o1 $11,523 a year, depend.
ing on threir college grades Those
with a .aaste;’s degree could atart at
511,523 07514097, and those witha
Ph D degree at $17.056 or 320,442
The average salary for ¢xperienced
oceanographers in the Federal Gov
ernment in 1977 was sbout $23,800
a year

Ocesavpiaphe s in cducalional in-
stitutions generally receive the same
salaries a3 other raculty members
{Sec statement on College and Uni-
versity Téachers elsewhere in the
Handbook ) In addition to regular
salaries, Many €arn exua income
from consulting, lecturing. and writ-
ing. ,.
Oceanographers cngaged in re-
scarch thal requires sea voyages are

17
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frequenltly away from home for .

weeks or months at a time. Sorne-
times they live and work in cramped
quarters. People who like the sea and
‘oceanographic research often find
these voyages satisfying and do not
consider the time spent at sea a dis-
advantage of their work.

Sources of Additional
Intormation

For information about careers in
. £ .
oceahGgraphy, contact.

18
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Dr. C- Schelske, Secretary, American Sociely
of Limnology and Oceancgraphy, Great
Lakes Researgh Division, University of
Michigan, Ann Arbor, Mich 48109

Federal Government career infor-
mation is avajlable from any regional
office of the U.5. Civil Service Com -

Mmission or from:

US Civl Service Commussion, Washington

Area Office. 1900 E St MW, Washing-
wa. DC 20415

I'ne booklet, Training and Careers

i

in Marine Stience, is available for fif-

ty cents from:

International Oceanographic Foundation,
1979 Rickenbacker Causeway, Virginia
Key. Miami, Fla. 331149, .

Some information on oceano-
graphic specialties is available from
professional societies listed else-
where in the Handbook. (See state-
ments on Geologists, Geophysicists,

Life Scientists, Meteorologists, and

Chemists.)

-
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What to Look For in this Reprint.

To make the Occupational Outlook Handbook easier 10
use, each occupation or industry follows the same outline
Separate sections describe basic elements, such as work on

the job, education and training needed, and salares o wages
Some sections will be more useful if you know how (o mterpret

the information as explained Delaw

The TRAINING. OTHER QUALIFICATIONS, AND AD-
VANCEMENT section indicates the e preferred way o enter each
occupation and alternafive ways 1o obtan training HRead this
section carefully because early planning -makes many fields
easier lo enter Also. the leve| atwhich you enter and the speed
with which you advance often depend on ygiif training It you
are a student, you may want lo considef laking those courses
thought useful for the occupations which interest you

EE‘SidES trammg yDQJ may need a State flicense ure it
T eclion indicates which occupaticng gener
uk iequirernenis In the Slale where yuu

1
i
—i
=
[an]
ﬂu
:‘l\
u:.\
m ‘}*,g

plan to work becaus ‘.;.lah— regulations vary
Whether an occupation sulls your persuialily ip ol
impartant area to Explufé Far some Jou may ha e g make

regponsibie Jdecigions b a THghty culnipflitlo e abousplere Fui
others you may du unly realine lasks Jider Juse supeiviaion
Tes work sgtcessfully in a pairlicuiarn ol yuu taay Nave 16 Jdo une

of mare of he tollowing

iulivale ulhigls
direc! and supe ..
work with all types o poop
WOk with things o, nesu
atid Manudl desten,
Shondepandeotty Lo . d
ault J}Sl“u,)'”l:
Lhaspaitofal |
with with delalls L
W labiialiuny 1 20 s
holy keuple

vuag sieallve

wute hoa o aflned o
Juoply e aily hang o (Ja
wiik gulside noall Lyey L
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pabilliss o0 a0 Jood e
Sl yud
The EMPLo ma oot ooy Do

o jabrarkel s chely o Le 1o, Lrale

[T RS ! A vt

eipacled grownth s weanp ared e B
W oang b))

fale tor all oCeupations (20 0 e e Lelwee, 10

The tollowing phiases sre e

B iy Taami:

Faste. W 1 oa
Aboul wu. Ta. . TH U lw 24 97
Slowe.

9w 3 4%
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5

10 e 14 9%
Litle vra .y 3
4

Decline
caeherally Job o plii ce tge wfd@ble a
gidJ.»ing al least as fast as & ¢ & economy as . .

But. you would have {0 krcw the number ot p&ap..
peting with you to be sure of your prospects. Unfoitunatel |
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supply nformation ts lacking for most occupations
There are exceplions. however, especially among pro-
fessional occupations. Nearly everyone who earns a medlcal
degree, for example, becomes a praclicing thSICIaﬂ When
the-number af people pursuing relevant types of education and
trélﬂiﬁg ard then entering the field can be compared with the
demand, tﬁ? outlook section indicates the supply/demand rela-
lignship as foillows
Eavellent - -Lemand much greater than
|8 supply
-Demand grealer than supply
. . -Rough balance between
dé‘rﬂan;aﬁd supply
-Likelihood of mare supply
than demand

o wuinipe lliun q” Supply grealer:}riaﬁ demand

< cokeslilon o Tew Job upenings should hol 810 your pursu-
. 4 ¢ cafeer [hal malches your apbludes and interests. Even
=rall wr uverciowded occupalions provide some jobs S0 do
those i #hich employment s growing very slowly or declining
Lirewth I an occupation 15 not the only Source of job
aeenlligs because the number of openings rom tufnover can be
subslantal inlarge eocupafions lntactl replacement needs dre
zapected lu create 70 percent of ali openings belween 1976 and
1985
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